Observation of B
s ! 2S candidates, in 2S ! ÿ and 2S ! J= ÿ decay modes, respectively. We present a measurement of the relative branching fraction BB 0 s ! 2S=BB 0 s ! J= 0:52 0:13stat 0:04syst 0:06BR using the 2S ! ÿ decay mode. DOI: 10.1103/PhysRevLett.96.231801 PACS numbers: 13.25.Hw, 14.40.Nd The decays of B mesons to charmonium final states have been studied extensively in the past, and the measurements [1] [2] [3] show that the ratio of the branching fractions of B and B 0 decay to the 2S final states over the J= final states are approximately 60% as shown in Table I Only one B 0 s ! 2S candidate event has been reported, at LEP in 1993 [5] .
The B 0 s ! J= mode has recently been used to determine the decay widths for the heavy and light B 0 s mass eigenstates by measuring the relative contribution of the CP-odd and CP-even components to the observed angular distribution as a function of the decay time [6, 7] The CDF II detector is described in detail elsewhere [8] . The main components for this analysis are tracking and muon systems. The tracks are reconstructed by the silicon microstrip detector [9, 10] , and the Central Outer Tracker (COT) [11] , which are immersed in a uniform axial 1.4 T magnetic field provided by a superconducting solenoid. Planar drift chambers [12] located outside the calorimeter are used to identify muons in the central region (jj < 1:0, where is the pseudorapidity). The events are selected with a three-level trigger system. At Level 1, charged particle trajectories in the plane transverse to the beam direction are reconstructed from the COT hits using a hardware processor [13] . The trigger requires tracks with transverse momentum p T > 1:5 GeV=c to be matched to hits in the muon detector. At Level 2, opening angle and opposite-charge cuts are imposed on the muon pairs. At Level 3, the two muon tracks are required to be oppositely charged with invariant mass between 2.7 and 4:0 GeV=c 2 . s decay channels involve only the well-known J= , 2S and decays, which have been used extensively in other measurements at CDF, and their selection criteria are well established. In this analysis, we follow the selection requirements developed in the b hadron mass measurements [14] and apply them to the three B 0 s decay modes of interest.
The reconstruction begins by selecting J= ! ÿ or 2S ! ÿ candidates, with pairs of oppositely charged tracks that satisfy the muon pair trigger requirements. The reconstructed ÿ invariant mass is required to be within 80 MeV=c 2 of the J= or 2S mass [4] . The 2S ! J= ÿ is reconstructed by associating a J= ! ÿ candidate (with its mass constrained to the J= mass) with a pair of tracks, each with p T > 0:4 GeV=c. The invariant mass of J= ÿ is required to be within 20 MeV=c 2 of the world average 2S mass [4] . Once a J= or 2S candidate is selected, we search for a ! K K ÿ candidate with a pair of additional tracks. The invariant mass of K K ÿ is required to be within 10 MeV=c 2 of the mass [4] . The p T of the candidate is required to be greater than 2:0 GeV=c. The required to be greater than 6:5 GeV=c to further reduce combinatoric background. To improve the B meson mass resolution, the ÿ mass is constrained to the J= or 2S mass, while the J= ÿ mass is constrained to the 2S mass.
Two sources of background are expected in the B 0 s signal region: combinatoric background and kinematic ''reflec- 
An unbinned log-likelihood fit is used to extract signal yields from the reconstructed mass spectra, as shown in Fig. 2 . The signal distribution is modeled as a Gaussian, and the background distribution is modeled as a first order polynomial. The background component from misidentified K 0 decays is also included, with a shape obtained from the Monte Carlo simulation. The width for each of the two B 0 s ! 2S modes is fixed in the following way. We take the ratio of the widths for B 0 s ! 2S relative to B 0 s ! J= as a scale factor determined from Monte Carlo simulation, and we then calculate the width for B 0 s ! 2S, using the width of B 0 s ! J= from data. A comparison of the Monte Carlo calculation and data for the control samples of B ! J= K and B ! 2SK shows that the relative ratio of the widths of the two modes can be well predicted by Monte Carlo simulation. The signal yields, fitted masses, and mass resolution of the three decay channels are summarized in Table II . A consistency check (Monte Carlo calculation independent) is performed by fitting the ! K K ÿ invariant mass spectra for events in the B s signal region after sideband subtraction. The ! K K ÿ signal yield obtained this way in data is consistent with that from fitting the B s mass spectra, indicating that the B 0 reflection background from B 0 ! J= K 0 [B 0 ! 2SK 0 ] or other decay modes is indeed negligible.
The background contribution in the signal region (defined as a window 6 times the expected mass resolution, as shown in Table II , around the mean value of the B s signal peak) for B 0 s ! 2S, followed by 2S ! ÿ and 2S ! J= ÿ decays, is estimated to be 10:0 3:2 and 6:5 2:6 events, respectively. The probability of a statistical fluctuation of the expected total background in the signal region to the observed or higher number of ] are used to study the systematic uncertainties. The relative branching ratio for the ÿ mode is extracted using the formula:
where J= = 2S 0:925 0:006 is the ratio of the combined trigger and selection efficiencies derived from Monte Carlo simulation (with the error due to the size of the simulated samples), and N J= or N 2S is the total number of reconstructed B 0 s mesons for each mode. The BJ= ! ÿ and B 2S ! ÿ are the world average branching fractions [4] .
In our analysis, we use a Monte Carlo simulation to determine the relative efficiency for the two decay modes, and the control sample data are used to study the systematic uncertainties. The simulation of the CDF II detector is based on a GEANT description [15] . Transverse momentum and rapidity distributions of single b quarks are generated based on next-to-leading-order (NLO) pertubative QCD [16] . The B 0 s meson spectrum used in the Monte Carlo simulation is consistent with the data from inclusive B ! J= X [8] . The EVTGEN program [17] is used to decay B mesons into the final states of interest.
Since both modes are B 0 s decays, and the decay topologies are very similar, most systematic uncertainties cancel in the ratio. Systematic uncertainties originate from fitting the invariant mass distributions to obtain signal yields, from determination of the relative efficiencies, and from the measured branching fractions of J= and 2S decays taken from Ref. [4] . Consistency checks are performed on the fitting method by varying the range and using different functions, and no statistically significant variation is found. Systematic uncertainty from the fitting method is evaluated by dropping the fixed width constraint.
Systematic uncertainties on the ratio of efficiencies are due to the differences in the kinematics of the two decay modes. For example, due to the mass difference between 2S and J= , the p T distributions are somewhat different between the two decay modes. To take into account the difference in p T distributions, the single muon efficiency measured from data [18] is used to reweight the Monte Carlo samples, and the relative efficiency (central value and error) is recalculated. We vary the measured muon efficiency, and find that the systematic uncertainty due to the difference in p T distributions is negligible. The main systematic uncertainty due to decay kinematics difference comes from lack of knowledge of the angular correlation in the B 0 s ! 2S decay. The central value of the relative efficiency is determined by assuming that the angular correlation of the B 0 s ! 2S decay is the same as that of the B 0 s ! J= . To evaluate the effects on our measurement, we generate Monte Carlo samples with pure CP-even and CP-odd decays for B 0 s ! 2S and recalculate the relative efficiency. We take the difference between CP-even and CP-odd cases as the systematic uncertainty, which turns out to be the major component (5.5%). The systematic uncertainty from the fitting contributes at the 3.9% level. The total systematic uncertainty is 6.7%.
The contribution from the branching fractions is calculated by propagating the world average uncertainties. The dominant contribution is due to the measured branching ratio B 2S ! ÿ 0:73 0:08% [4] . Using Eq. (1), we derive the ratio of relative branching fractions:
where the first error is statistical, the second is systematic, and the third is due to the branching ratios of J= ! ÿ and 2S ! ÿ . In summary, we present the first observation of B 
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This result for B 0 s is consistent with the ratios of branching fractions for the corresponding decays of B and B 0 [4] , indicating that the relative branching ratio of B meson decays between 2S and J= final states is independent of the flavor of the lighter quark.
We 
